This paper describes currently known methods of quantitative news interpretation applied in financial market predictions. Brief summaries are made regarding all the listed methods of automatic news interpretation, some commercial applications are mentioned and finally a conclusion is drawn about the usability and prospects of quantitative news analysis with statistical machine learning methods. The aim of this paper is to provide an overview on the related research activities performed so far and explore further research directions to improve the predictive capability of currently known methods.
Motivation
Financial market prediction methods generally use quantitative values to provide point or interval estimations on returns, volatility or trade volume. Historized timeseries of financial products with previous market prices are commonly used in portfolio optimization. However, quantitative analysis of qualitative economic news given in unstructured textual formats started a couple of years ago when Internet news media became the dominant information source of investors. Recent studies identify systematic relationships between trading volume and measures of communication activity [1] .
If an investor has some private information about the value of an asset, his trades reveal information to the market. In equilibrium, the sensitivity of prices to trades will depend on the prevailing level of information asymmetry. This concept was formalized and since that time many researchers have studied the link between information asymmetry and the impact of trading on prices. Since investors differ in their abilities to interpret the news, the release of public information may actually increase information asymmetry of market participants [7] .
If we empirically analyse the significant movements of firms' stock prices then we realize that they do not seem to correspond to changes in quantitative measures of firms' fundamentals. Consequently, qualitative analysis may help explain stock returns. Analyzing a more complete set of events that affect firms' fundamental values can lead to identify common patterns in firm responses and market reactions to events. Textual news is a potentially important source of information about firms' fundamental values. Very few stock market investors directly observe firms' production activities, they get most of their information secondhand. Their three main sources are analysts' forecasts, quantifiable publicly disclosed accounting variables, and linguistic descriptions of firms' current and future profitgenerating activities. Future research on quantifying textual news has the potential to improve our understanding of how information is incorporated in asset prices [2] .
To predict the impact of macroeconomic news on stock prices is not an easy task. News about faster growing economy usually creates expectations of higher corporate earnings and div-idends. These expectations in turn should boost stock prices, since stock's price should match the expected stream of future dividends from that stock, discounted to their present value. However, news that the economy is growing faster than anticipated will also lead to higher expected interest rates -the rates used to discount future dividends. Whether stock prices in fact rise or fall will depend on whether the stream of expected future dividends or the discount rate plus compensation for risk responds more strongly to the news. The same rule applies to the response of stock prices to news of inflation: inflation boosts prospective nominal future earnings and the nominal rate at which such earnings are discounted. Given the uncertain interplay of these variables, it is not surprising that many studies cannot identify consistent effects of macroeconomic news on stock prices [3] .
If market participants disagree about the effects of surprises in announcements there should be increased trading activity in the market soon after the announcements. In contrast, if they are in consensus about the effects of new information, trading activity may not be abnormal even when prices change. Thus, examining the trading activity provides useful information about the actions taken by the market participants based on news that stock returns alone cannot [8] .
If results showed that financial news announcement have a measurable impact on financial asset prices it would contradict the so-called Efficient Markets Hypothesis that states that asset prices fully reflect all available information, however, it would support the idea of cognitive investor sentiment and over-and under-reaction to news content.
Methods of quantitative news interpretation in financial market predictions
Currently known methods of quantitative news interpretation are described below with reference to the original papers. Methods were selected according to their relevance and prior focus to financial optimization efforts. Description of other methods of quantitative content analysis or non-news based sentiment analysis are not in the scope of the current paper.
News cardinality analysis
Early studies about news impact measurement on financial market calculated only with the varying cardinality of the news available for investors. Most of the reseach show that there is a positive correlation between news cardinality and trade volume plus volatility.
X. Liang defined the web stock news volumes (WSNV) indicator and measured the impact of it on financial market behavior (see paper [11] from 2006). He downloaded news items from www.yahoo.com, quote.com and www.smartmoney.com on a daily basis with internet crawler engines. He classified news according to direct and indirect aspects: direct news comes from a dedicated site containing the current news of a certain company (e.g. http://finance.yahoo.com/q/h?s=amzn); indirect news: company is mentioned on an other news site. His main conclusion is that significant increases of web stock news volumes are linked with the significant changes of stock prices [11].
Pessimism factor analysis
Paul C. Tetlock showed measurable correlation between written financial media content and aggregate financial market performance as an evidence that news content can predict movements in stock market activity (see paper [1] from 2007). This method focuses on the measurement of immediate influence of the Wall Street Journal's (WSJ) "Abreast of the Market" column on the daily US stock market returns.
Principal component analysis is used to create a simple measure of media pessimism from WSJ news of 16 years then the intertemporal links between this measure of media pessimism and the stock market is estimated using basic vector autoregressions (VARs). 77 predefined word categories of Harvard psychosocial dictionary is used to find the category with the highest variance which is called the pessimism factor. This method follows a bagof-words approach to handle textual documents. Conclusions of the pessimism factor research are:
• High levels of media pessimism robustly predict downward pressure on market prices on the next trading day, followed by a reversion to fundamentals within one week.
• Unusually high or low values of media pessimism forecast high market trading volume.
• Low market returns lead to high media pessimism.
• The changes in market returns that follow pessimistic media content are dispersed throughout the trading day, rather than concentrated after the release of information.
Tetlock defines two theories based on extremes content of news to justify the results described above:
• The sentiment theory predicts that short-horizon returns will be reversed in the long run (content is pure noise).
• The information theory predicts that short-horizon returns will persist indefinitely (content is pure information).
Tetlock proposes that a computer program could calculate the daily value of pessimism and use predetermined coefficients, derived from predictability regressions to forecast future returns. Depending on whether this forecast is positive or negative, the media-based trading strategy would go long or short on the Dow Jones index. To check his assumptions, Tetlock used a time series of daily returns from 1 January 1984 to 17 September 1999 from the Wharton Research Data Services' access to the historical Dow Jones Industrial Averages. Experimental research shows that the pessimism media factor exerts a statistically and economically significant negative influence on the next day's returns. Also, analysis of data showed that this negative influence is only temporary and is almost fully reversed later in the trading Per. Pol. Soc. and Man. Sci.
week. The evidence of an initial decline and subsequent reversal is consistent with neither the new information nor the stale information theories of the newspaper column. If the column contained new information about fundamentals, there could be an initial decline in returns, but this would not be followed by a complete return reversal. If the column contains only information already incorporated into prices, media pessimism would not significantly influence returns. The evidence is consistent with temporary downward price pressure caused by pessimistic investor sentiment [1] . Most of the financial market theories say that media pessimism should have no effect on future market activity because expectations are already incorporated into prices. On the other hand, if we believe that the media pessimism measure contains no information about past, present, and future, then one would not expect to observe any impact of pessimism on market activity [1] .
Method of relative frequencies of negative words
Paul C.Tetlock, Maytal Saar-Tsechansky and Sofus Macskassy described a news-based automated trading strategy based on relative occurrence of negative words in firm specific financial news in an effort to predict firms' accounting earnings and stock returns (see paper [2] from 2008). The research used news stories about S&P 500 firms from 1980 through 2004 provided by Dow Jones News Service (DJNS). A simplified bag-of-words representation was used to interpret textual data according to the relative frequency of negative words defined by the Harvard psychosocial dictionary. Three main findings of their research effort are:
• The fraction of negative words in firm-specific news forecasts low firm earnings, stock market prices respond to the information embedded in negative words with a small, one-day delay.
• Firms' stock prices briefly underreact to the information embedded in negative words.
• The earnings and return predictability from negative words is largest for the stories that focus on fundamentals.
Together these findings suggest that linguistic media content captures otherwise hard-to-quantify aspects of firms' fundamentals, which investors quickly incorporate into stock prices. Potential profits are plausible from using daily trading strategies based on the relative frequency of negative words in a continuous intraday news source. Negative words in stories about fundamentals predict earnings and returns more effectively than negative words in other stories. The following data sources were used during the research:
• Center for Research on Security Prices (CRSP): S&P index constituents and their stock price data;
• CRSP company name change file: to identify situations in which a firm changed its name;
• Institutional Brokers' Estimate System (I/B/E/S): analyst forecast information;
• Compustat: accounting information;
• Factiva database: news stories.
Tetlock and his colleagues implemented an automated story retrieval system. For each S&P 500 firm, the system constructed a query that specifies the characteristics of the stories to be retrieved. The system then submitted the query and recorded the retrieved stories. In total, they retrieved over 350,000 qualifying news stories. Each of the stories met certain requirements that eliminated irrelevant stories. Their study shows that negative words have better predictive power than any other single category, including positive words, in other terms negative words have a much stronger correlation with stock returns than other words. These results are also consistent with a large body of literature in psychology which argues that negative information has more impact and is more thoroughly processed than positive information across a wide range of contexts. They also showed that news stories concentrate around earnings announcement days. This finding suggests that news stories could play an important role in communicating and disseminating information about firms' fundamentals [2] . [2] Before counting instances of negative words, all qualifying news stories were combined for each firm on a given trading day into a single composite story. The fraction of negative words was standardized in each composite news story by subtracting the prior year's mean and dividing by the prior year's standard deviation of the fraction of negative words. Formally, two measures of negative words were used [2] :
No. of negative words No. of total words
Financial market predictionswhere µ N eg is the mean of Neg and σ N eg is the standard deviation of Neg over the prior calendar year. The standardization may be necessary if Neg is nonstationary, which could happen if there are regime changes in the distribution of words in news stories -for example, the DJNS or WSJ changes its coverage or style. Based on these relative frequencies of negative words an automated news-based trading strategy was proposed as follows:
• All firms with positive DJNS news stories from 12:00 am to 3:30 pm on the prior trading day were classified into the long portfolio;
• All firms with negative stories were classified into the short portfolio;
• Both the long and short portfolios were hold for 1 full trading day and rebalance at the end of the next trading day.
Ignoring trading costs, the cumulative raw returns of this long-short strategy would be 21.1% per year. This ideal case is distorted when we calculate with different transactional costs. The estimated impact of reasonable transaction costs on the trading strategy's profitability is shown in the table below [2] . From the analysis above, it turns out that negative words in firm-specific stories leading up to earnings announcements significantly contribute to a useful measure of firms' fundamentals. The main result is that negative words in firm-specific news robustly predict slightly lower returns on the following day [2] .
Surprise analysis of publicly known versus newly announced macroeconomic and political data
Zeynep Önder and Can Simga-Mugan analysed the impact of political and macroeconomic news in emerging markets: Argentine (Buenos Aires Stock Exchange (BASE)) and Turkey (Istanbul Stock Exchange (ISE)) to investigate the origin of high returns (see paper [4] from 2006). Higher uncertainty relative to developed markets increases both risk and return. Two main sources of uncertainty are politics and economics. They examined the effects of macroeconomic and political news items on the volatility of returns and total trading volume between 1995 and 1997 (Economic and political news items were downloaded from Wall Street Journal and New York Times databases.). Their main conclusions were (some further detailes can be found in Appendix 1) [4]:
• Both economic and political factors, as well as specific market characteristics, should be taken into consideration by investors when making investment decisions in emerging markets.
• Political news and world economic news increase volatility in both markets.
• Political news decrease trading volume in the BASE but increase it in the ISE.
• There is a positive and significant correlation between world economic news items and volume in Argentina, and a positive association between domestic and world economic news and volume in the Turkish market.
Prior studies also investigated the effect of several economic announcements on stock returns (Jain 1988; Mitchell and Mulherin 1994; Pearce and Roley 1985) as well as interest rate and foreign exchange markets (Ederington and Lee 1993; Tanner 1994). Harvey (1995) comprehensively analyses twenty emerging markets, for which he forecasts returns using both world and local economic information. The results show that local information strongly influences returns in these markets [4] .
Several studies have recognized that political information affects the stock market (e. A couple of years later Leonardo Bartolini, Linda Goldberg and Adam Sacarny analysed the effects of news of macroeconomic data on asset price changes (see paper [3] from 2008). Governments and some private organizations regularly issue statistics on the performance of the nation's economy. The nature and extent of the market response will vary with the news announcement. By "news," they mean the surprise element, or the difference between the actual value announced for an indicator and market participants' prior expectation of what that value would be. (The expected value is captured by the median response from the last preceding weekly survey of market participants conducted by Bloomberg L.P.) The main conclusions of their research are (some further details can be found in Appendix 2) [3] :
• Only a few announcements -the nonfarm payroll numbers, the GDP advance release, and a private sector manufacturing report -generate price responses that are economically significant and measurably persistent. Bond yields and the exchange value of the US dollar show the strongest response and stock prices the weakest.
• The strongest effects are seen on interest-bearing assets, and the weakest and most erratic on stock prices: unexpected changes in the data generally have the most marked impact on interest rates, a weaker impact on exchange rates, and an even weaker impact on equity prices.
• Indicators such as the government statistics on personal income and personal consumption expenditures excluding food and energy typically have a small and transitory impact on prices.
• The significant responses support the view that asset prices rise (in nominal terms) in response to news of stronger growth and faster inflation.
• while the direction and size of news effects on asset prices tend to be consistent from the time of the release to the end of the day, the immediate impact can generally be measured more precisely than the full-day impact because the accumulation of other shocks to asset prices through the business day makes the identification of persistent effects more difficult.
T. Clifton Green studied the impact of macroeconomic news on government bond prices (see paper [7] from 2004). They concluded the following statements (some further details can be found in Appendix 3):
• The results show a significant increase in the informational role of trading after economic news stories announcements.
• The informational role of trading is greater after announcements with a larger initial price impact, and the relation is associated with the surprise component of the announcement and the precision of the public information.
• The results provide evidence that government bond order flow reveals fundamental information about riskless rates.
Prem C. Jain investigated the effects of money supply, consumer price index (CPl), producer price index, industrial production, and the unemployment rate related news announcements on stock prices from 1978 to 1984 (see peper [8] from 1988). The empirical results indicated the following:
• Surprises in announcements about money supply and CPI are significantly associated with stock price changes (1-percentage-point surprise in the CPI results in a decline in stock prices of about 0.55%). The announcements of the other three variables do not affect stock prices significantly.
• Trading volume is not affected by any of the five economic variable announcements, indicating that market participants do not differ substantially in the interpretations of the effects of announcements.
• The speed of adjustment analysis indicates that the effect of information on stock prices is reflected in a short period of 1 hour.
Pierluigi Balduzzi, Edwin J. Elton, and T. Clifton Green measured the intraday effects of macroeconomic news on bond prices and trade volume between July 1, 1991 and September 29, 1995 (see paper [12] from 2001) (some further details can be found in Appendix 4). They conclude that:
• public macroeconomic news can explain a substantial fraction of price volatility in the aftermath of announcements,
• the adjustment to news generally occurs within one minute after the announcement so the public news tends to be incorporated very quickly into prices. • There are a number of features that are clear markers of negative documents. These include words such as shortfall, negative and investigation. Documents in which any of these words appear are almost always negative. The first twenty words with highest information gain all are negative markers.
• There are no markers of positive stories.
The novel idea here is the automatic unsupervised clusterization of large amount of news. The use of price movements correlated with the appearance of news items is a promising method for automatically generating a labeled corpus without directly invoking individual human judgments (though, of course, stock movements themselves are a product of collective human judgment). In this work, there are no assumptions by making judgments regarding a story itself. Only the reaction of the market to the story is important. The use of stock price movements offers several advantages over hand-labelled corpora:
• The entire procedure is automatic and thus a large labelled corpus can easily be generated.
• The collective judgment of the market is a more reliable determiner of sentiment than that of a small number of judges. The market effectively serves as judge.
News stories concerning each of the stocks in the S&P500 index were gathered for the years 2000-2002. The stories were taken from the Multex Significant Developments corpus. The total number of stories were over 12,000 -an average of 24 stories per stock. The average length of a story was just over 100 words. Definition of stories according to positive and negative labels are:
• Positive: the stock in question rose 10% or more;
• Negative: the stock declined 7.8% or more.
Rather high percentage thresholds were used because such dramatic price moves can be safely assumed to be reactions to news stories and not mere reflections of general market moves or random fluctuation. The lower threshold for downward moves was chosen so as to provide an equal number of negative examples as positive examples. Each text was represented as a binary vector reflecting whether or not a feature is present in the story, but ignoring frequency. The categorization methodology consisted of selecting the 100 features with highest information gain in the training corpus and then using a linear SVM (and other learners) to learn a model [5] .
Rohitha Goonatilake and Susantha Herath focus on the effect of news that surfaces throughout the day in the stock market (see paper [9] from 2007). News stories about publicly traded companies were labeled positive, negative or neutral according to price changes in the company stock. They statistically analyzed the influence of news on the DJIA, NASDAQ, and S&P 500. From the analysis of the data collected over a ten-week period of time they concluded the following statements (some further details can be found in Appendix 5) [9]:
• At the 5% significance level, the data provides sufficient evidence to determine that there is an association between the nature of the number of news items and the market fluctuations, measured by an increase, a decrease, or unchanged.
• On a given day, if the stocks have an upward tendency, then all three indicators will have the same trend, and vice versa to conclude that if the buyers want to buy, they go on a buying spree and DJIA, NASDAQ, S&P 500, and crude oil prices share the same time-series configuration.
• A set of regression models can be obtained that predicts crude oil prices from the DJIA and vice versa with a strong correlation coefficient.
• If a major news story continues even after it has first surfaced, it can still affect the market for a period and diminishes after some time. • In the bear market, bad information influences the market more severely than good information. Namely, the asymmetry phenomenon should be addressed separately for the bear market.
• The underreaction is observed in which if the news is good, the stock prices keep the tendency up following the first optimistic reaction, and if the news is bad, prices keep the tendency down following the first pessimistic reaction
• News with less probability to occur insinuates a larger impact on the stock market. As a matter of fact, the introduction of news entropy has a potential to solve this question.
Headline analysis
Niederhoffer ( • stocks with bad public news display a negative drift for up to 12 months. Less drift is found for stocks with good news.
• stocks that had no news stories in the event month tend to reverse in the subsequent month. The reversal is statistically significant, even after controlling for size and book-to-market.
• Underreaction to news seems stronger in lower priced, more illiquid stocks.
I carried out a headline news analysis based market impact calculation in the following setup. I collected news items for S&P500 companies between 1 January 1987 and 1 July 2009 from the Associated Press Financial Wire (from the LexisNexis online news databse) where the name of the company appears in the headline of the news (90,226 news items). I performed sentence tokenization on the corpus, stopword elimination and basic stemming on unique words. I defined typical words the following four categories:
• Positive nouns and verbs;
• Negative nouns and verbs;
• Positive adjectives;
• Negative adjectives.
I investigated the cardinality of expressions consisting adjective + noun/verb pairs. This way there are four different expression types: PP (positive adjective+positive noun/verb), PN, NN, NP respectively. Having this measure for every headline news items I classified the news as good or bad. Then I investigated the returns on the publishing dates of these headline news items and classified them into positive and negative return days. My analysis resulted in relatively stable ∼80% precision and recall regarding the predictive capabilities of the method. Some further details can be found in Appendix 6.
Natural language processing approaches
Taeho Hong and Ingoo Han developed a competency map based textual data miner application to support financial pridection using 180.000 news stories and preliminary expert knowledge base containing knowledge of domain experts (see paper [13] 
from 2004).
Prior knowledge base is built by the codification of domain experts and used to support automated news interpretation. News is represented in trigram model extended with competency maps [13] .
Robert P. Schumaker and Hsinchun Chen used Bag of Words, Noun Phrases, and Named Entity representation of news to quantify language having 9,211 financial news articles and 10,259,042 stock quotes covering the S&P 500 stocks during a five week period (see paper [14] from 2009). News articles were obtained from Yahoo Finance using companys' stock ticker symbols. In this study Noun Phrasing were accomplished through the use of a syntax where parts of speech are identified through the aid of a lexicon and aggregated using syntactic rules on the surrounding parts of speech, forming noun phrases. In the Named Entities representation the text processing is built upon Noun Phrases by using lexical semantic/syntactic tagging where nouns and noun phrases can be classified under predetermined categories. Named Entity categories include date, location, money, organization, percentage, person and time. Typically, successful taggers have large lexicons of sample entities and/or word patterns, which may include both syntax and lexical information. Theoretically, Named Entities provide the smallest coverage of a text document. Machine learning algorithms (support vector machine) were trained on quantitative training sets. The system is achieving fairly reasonable results at a 2.09% return over a year of experiments. The authors also concluded that industrial sector based training had the best performance [14] .
Commercial applications
Some commercially available applications are listed below that performs media sentiment analysis through automated financial news interpretation. Surely, it is not a complete list of available services, however, it is clear that more companies started to commercialize the idea of quantitative news interpretation in financial market prediction.
Reuters Sentiment Engine
Reuters NewsScope Sentiment Engine processes a stream of Reuters news items, producing sentiment data for a list of customer determined target companies. Scores consist of how positive, negative, or neutral a particular article, or substantive entity within an article, is written by the author. The engine can score many articles per second making it applicable to real time algorithmic trading as well as a host of other use cases [16].
MediaSentiment engine
MediaSentiment Pro includes the advanced search engine that generates Buy/Sell signals based on sentiment analysis of earnings releases. MediaSentiment Inc. has developed a technology that can make a rapid assessment of the sentiment expressed by the management in the earnings news release and correlate that with Wall Street analysts' estimates and the overbought/oversold signals in the trading market to uncover profitable trading opportunities [17].
YellowBrix Sentiment Analytics
YellowBrix Sentiment Analytics provides an aggregated view of media sentiment and news analytics from global newspapers, news wires, trade journals and business blogs, providing information for investors. Visual representation and interactive charting of media sentiment across multiple tickers is part of the service, indices, and customized watch lists are available to quickly assess the media sentiment benchmarked against stock performance. It provides news headlines with at-a-glance summaries. It analyzes industry and business intelligence using measurement and sentiment analytics for the volume of media exposure for companies, people, products and topics in the mainstream news media and blogs; and uses sentiment analysis to weigh the level of positive or negative content [18].
Dow Jones Economic Sentiment Indicator
The Dow Jones Economic Sentiment Indicator aims to predict the health of the U.S. economy by analyzing the coverage of 15 major daily newspapers in the U.S. It uses a numerical scale from 0 to 100 to express the balance of sentiment in articles about the economy. Its back-testing to 1990 shows that it clearly highlighted the risk that the U.S. economy was sliding into recession in 2001 and 2008 and suggests the indicator can help predict economic turning points as much as seven months in advance of other indicators. The Dow Jones Economic Sentiment Indicator is calculated using a proprietary algorithm through Dow Jones Insight, a media tracking and analysis tool. Dow Jones Insight's global content collection includes Financial market predictions Fig. 2 . Architecture of the expert system based Knowledge-Based News Miner system [13] Fig. 3 . : Effects of large price changes in short scale [15] more than 25,000 news and information sources as well as blogs, message boards, and posts from YouTube and Twitter [19].
RightTrade engine
RightTrade gives investors insight into the media trends. The service provides an interactive and visual representation of realtime media sentiment including the leading global newspapers, business blogs, trade journals, and news wires -across indices, companies, multiple tickers, and customized watch lists. It provides dynamically linked business intelligence information that includes: company profiles, key executives, top competitors, press and public relations activity, quarterly & annual financials, stock quotes, interactive stock charting and SEC filings, news headlines with at-a-glance summaries and sentiment ranking [20] .
Conclusions
Quantitative interpretation of economic and financial news is studied extensively in the hope of revealing predictive power for financial markets. Impact of news is studied mainly in terms of volatility and trade volume implications. It seems to be empirically true that each category of news has a different effect on volatility and trading activity on different markets. Studies were performed on different time horizons, sometimes resulting in contradictory conclusions.
Experiments show that asset price responses can be ascertained more precisely a short time after the announcement than later in the day. The estimated responses at 4 p.m. exhibit greater standard errors than the responses thirty minutes after the announcement. Moreover, the noise around the predicted responses is also smaller after thirty minutes than later in the day. This result is intuitive: as time passes after a data release, other forces will influence asset prices, increasing the uncertainty of the response. Asset markets tend to absorb the impact of economic news rather quickly [3] .
Adam G. Zawadowski, Gyorgy Andor, and Janos Kertesz analysed the effects of large price changes in short scales in the intraday level. They found overreaction in both cases (sudden price changes and sudden price falls). They concluded that not only the volatility jumps at the event (which itself is the event) but volume, and the bid-ask spread increases as well [15] . The intraday overreaction scenarios suggest that the possible cause of these suddent overreacted intraday events (depicted below) are publication of news. This hypothesis guides me towards further research in this area.
These facts support the view that investors primarily underreact to bad news which suggests an asymmetric response to information [6] . Financial markets become more integrated into world markets, world information becomes relatively more important [4] .
Commercialization of research results started and integrated services are evolving that extend financial prediction methods with investor sentiment analysis coming from news sources. Improving the predictive power of investor sentiment by understanding the impact of news by quantitative measures provides prosperous fields for further research. • The GDP advance release and consumer confidence index also significantly affect most of the asset prices, though for both indicators the number of significant responses drops by day's end.
• Other data releases have a narrower impact. The retail sales indicator, the CPI excluding food and energy, and the consumer sentiment index have notable effects, but the effects are mostly confined to interest rates and diminish perceptibly by day's end.
• The remaining indicators -the CPI, housing starts, and the components of the personal income and outlays report -elicit weak and generally insignificant responses.
As for the distribution of these effects across asset prices, we see that the effects on interest rates and exchange rates tend to persist, while only the unemployment rate has a significant impact on equity prices by day's end, and this impact is not large [3] .
Appendix 3
In Green's study announcement surprise is measured as the realized value minus the median survey value. He standardized surprises to facilitate comparisons across announcements. For announcement type k on day τ , the surprise is defined as follows:
A kτ − F kτ σ k where A kτ and F kτ are the actual value and median forecast, and σ k is the standard deviation of (A kτ − F kτ ). Thus, an announcement surprise equal to 1.0 implies a surprise that is one standard deviation greater than zero for that announcement type. The main conclusions of this research are: [7] • The informational role of trading increases following announcements showing that release of public information increases the level of information asymmetry in government bond markets.
• The price impact varies considerably across announcements with nonfarm payrolls having the largest effect on prices. A one standard deviation positive surprise in Nonfarm Payrolls results in a 28 basis point drop in price. The coefficients for the other announcements are smaller, ranging from 12 basis points for the producer price index to three basis points for initial jobless claims.
Financial market predictions • Competition among multiple informed traders leads prices to incorporate private information quickly. This implies that the informational role of trading will decline as time passes after the announcement.
The reason for information asymmetry caused by the phenomena that order flow reveals fundamental information about riskless rates can be originated from three factors:
• Some market participants can have an advantage at determining how macroeconomic news influences riskless rates.
• Trading volume can increase after a public information event even if market participants interpret the information identically but they had divergent prior expectations.
• The informational role of trading returns to near-normal levels within 15 minutes.
The transaction data was obtained from GovPX that consolidates quote and trade information from the interdealer market for U.S. Treasury securities and disseminates it through information providers such as Bloomberg. The data on economic announcements is obtained from MMS International (now a subsidiary of Standard and Poor's), a widely used source of forecast data for studies of economic announcements. MMS surveys approximately 40 money market economists each Friday regarding the upcoming week's announcements and records information on the median forecast, the 25th and 75th percentile forecasts, the standard deviation of the forecasts, and the announcement realization.
Results showed that in 15 minutes immediately following the release of news, price volatility increases along with trading intensity and trade size. In the next 15 minutes, trading activity continues to increase while quoted bid-ask spreads narrow. Descriptive data of results can be seen in the Table 4 [7].
Mean cumulative transaction returns were calculated for purchases and sales of different sizes surrounding economic announcements. Trades were sorted into three size groups based on the 33rd and 67th percentiles, which were $4 million and $8 million. Cumulative transaction returns can be seen in Fig. 5 measured from five-trades-before to five-trades-after the trade of interest [7] .
Appendix 4
The timely reaction for major four macroeconomic news types can be seen in Fig. 6 [12] . CNN Headline News Channel, Fox News Channel, www.yahoo.com, and The New York Times (web version-front page) were used as news outlets for the 10-week period of analysis ending on September 10, 2006. News were preclassified items into groups on the basis of their impact on the general public according to Table 5 [9].
Appendix 6
To derive the daily returns from the closing prices I used the following formula, where R(t) is the time dependent return and P(t) is the time dependent price of the underlying stock.
R(T ) = P(T ) − P(T − 1) P(T − 1)
I created a contingency table from the classification of news and days as follows. I used the following indicators to measure the predictive capabilities of my method: Pr = T P T P + F P ; Re =
T P T P + F N
where Pr is precision and Re is recall.
I analysed a range of returns (positive and negative) and measured the prediction power of the headline news analysis method. Fig. 7 shows that the method performs at relatively stable 80% precision and recall. The vertical axis shows the precision and recall values in percentage and the horizontal axis shows the values of returns in absolute value (the negative value of return corresponds to days classified as bad and the positive value of the same return corresponds to days classified as good).
